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Introduction
Let X be a finite type simply connected CW-complex with Sullivan minimal model (ΛV, d) and let k ≥ 2 the biggest integer such that d = Consider on (ΛV, d) the filtration given by
F p is preserved by the differential d and satisfies F p (ΛV ) ⊗ F q (ΛV ) ⊆ F p+q (ΛV ), ∀p, q ≥ 0, so it is a filtration of differential graded algebras. Also, since F 0 = ΛV and F p+1 ⊆ F p this filtration is decreasing and bounded, so it induces a convergent spectral sequence. Its 0 th -term is In this general situation, the 1 th -term is the graded algebra ΛV proveded with a differential δ, which is'nt necessarely a derivation on the set V of generators (see §3). That is (ΛV, δ) is a commutative differential graded algebra, but it is not a Sullivan algebra. The spectral sequence is therefore:
Hence if dim(V ) < ∞ and (ΛV, δ) has finite dimensional cohomology, then (ΛV, d) is elliptic. This gives a new family of rationally elliptic spaces for which d =
Recall first that in [11] the authors gives the explicit formula cat(ΛV, d) = dimV odd + (k − 1)dimV even of L.-S. category for a minimal Sullivan model (ΛV, d) satisfying the restrictive condition : (ΛV, d k ) is also elleptic.
It is important to note also that their algorithm that induces the fundamental class of (ΛV, d) from that of (ΛV, d k ) corresponds to the progress of a cocycle that survive to term E ∞ (cf. Remark 1).
The main result of this work is a project of determination of an explicit formula for cat(ΛV, d) with (ΛV, d) being elliptic and (ΛV, d k ) not elliptic, completing the formula given by L. Lechuga and A. Murillo in [11] .
In what follow, we consider the case where d = i≥3 d i , that is where k = 3 and N designate the formal dimention of (ΛV, d). With the notation as above, our first result reads: 
For the other inequality, any representative ω ∈ Λ ≥s V (where s = e 0 (ΛV, d)) of the fundamental class of (ΛV, d) induces by the same way, a representative With the notation of the previous remark we can therefore state the following generalization of the previous theorem 
Basic facts and properties
Let K be a field of characteristic = 2. A Sullivan algebra is a free commutative differential graded algebra (cdga for short) (ΛV , d) (where For an elliptic space with model (ΛV , d) the formal dimension N, i.e., the largest n for which
In [7] S.Halperin associated to any minimal model (ΛV , d) a pure model (ΛV, d σ ) defined as follows:
This model is related to (ΛV, d) via the odd spectral sequence
The main result using this algebra and due to S. Halperin ([5] ) shows that in the rational case, if dim(V ) < ∞, then:
If X is a topological space, cat(X) is the least integer n such that X is covered by n+1 open subset U i , each contractible in X. It is an invariant of homotopy type (c.f. [2] ). In [3] Y. Félix, S. Halperin and J.M. Lemaire showed that for Poincaré duality spaces, the rational LS-category coincide with the rational Toomer invariant denoted e 0 (X).
By [1, Lemma 10.1] the Toomer invariant of a minimal model e 0 (ΛV, d) is the largest integer s for which there is a non trivial cohomology class in H * (ΛV, d) represented by a cycle in Λ ≥s V . As usual, Λ s V denotes the elements in ΛV of "wordlength"s. For more details [2] , [6] , [12] are standard references.
In [8] A. Murillo gave an expression of the fondamental class of H(ΛV, d) in the case where (ΛV, d) is a pure model. We recall it here: Assume dimV < ∞, choose homogeneous basis {x 1 , ..., x n }, {y 1 , ..., y m } of V even and V odd respectively, and write
where each a i j is a polynomial in the variables x i , x i+1 , ..., x n , and consider the matrix,
For any 1 ≤ j 1 < ... < j n ≤ m, denote by P j 1 ...jn the determinant of the matrix of order n formed by the columns i 1 , i 2 , ..., i n of A:
is a cycle representing the fundamental class of the cohomology algebra.
The spectral sequence
In what follows, we give the expression for δ in the case where k=3. As mentioned in the introdction, our filtration is one of filterd differentail graded algebras, hence in this case the identification (1) becomes :
with the product given by:
On the other hand, since
0 and so the identification obove gives the following diagram
4. Proof of the theorem 1.1
Recall that we restrict ourself to the case k = 3. The approch used here is inspered by that used in [11] . Note also that the subsequent notations imposed us to replace certain somes by pairs and vice-versa.
For the first inequality
We note first that since by hypothesis, dimH N (ΛV, d) = 1, the class α ∈ E * , * 2 must survive to E ∞ . In what follow we put :
We may suppose that r = 2p is even (inded, if r = 2p + 1 is odd, it suffice to rewrite ω 0 with the coordinate in Λ 2p V being 0). More explicily
there is an integer l such that:
We hace successivly:
Also, we have dω 0 = dω 
Note also that t is a fix integer. Indeed the degree of a 0 t+l is greater or equal than 2(2(p + t + l) + 1) and it coincides with N + 1, being N the formal dimension.
In what follows, we take t the largest integer satisfying this enequality. Now, we have: 
Otherwise the cocycle will not survive to E 3 and a fortiori to E ∞ .
Consider ω 1 = ω 0 − b 2 and reconsider the previous calculation:
This imply that:
.. and then: 
By the same way we show that
We continue this process defining inductively ω j = ω j−1 − b j+1 , j < r + l such that:
Also, we have: is a δ-boundary, i.e., there is
Note that |dω t+l−1 | = |dω t+l−2 | = N + 1, but by the hypothesis on t, we have: is not a δ-boundary. Thus ω t+l−1 is a non trivial cocycle of degree N, the formal dimension, and therefore it represents the fundamental class.
Finaly, since ω t+l−1 ∈ Λ ≥r V we have;
For the second inequality
Denote s = e 0 (ΛV, d) and let ω ∈ Λ ≥s V be a cocycle representing the generating class α of H * (ΛV, d) . Write ω = ω 0 + ω 1 + ... + ω t , ω i ∈ Λ s+i V . We deduce that:
Since dω = 0, by wordlength reasons, it follows that δ(ω 0 , ω 1 ) = 0. If (ω 0 , ω 1 ) were a δ-boundary, i.e., (ω 0 , ω 1 )=δ(x), then
V which contradicts the fact s = e 0 (ΛV, d). Hence (ω 0 , ω 1 ) represents the generating class of H N (ΛV, δ).
Since (ω 0 , ω 1 ) ∈ Λ ≥s V we will have s ≤ r Hence e 0 (ΛV, d) ≤ r We note also that, since N = 37 is odd, then any representative of the fundamental class of (ΛV, d) will be of the form:
6 y 23 , with n 1 , n 2 and n 3 ∈ N.
Using A. Murillo's algorithm (cf. §2) the matrix determining the fundamental class is: 
Application of the algorithm in the proof of Theorem 5. in [11] to ω 1 (which is a homogenious d 3 -cocycle) gives immediatly ω 1 as a representative of the fundamental class of (ΛV, d).
Finaly we note also that e 0 (ΛV, 
